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1.0 SCOPE 


1.1 Purpose - This report presents a description of the transfer 
function test performed on an open hopper freight car loaded with 80 
tons of coal. Also presented are the test data and a post- test update 
of the requirements document and test procedure. Included in the text 
is a statement of the test objective, a description of the test config- 
urations, test facilities, test methods, data acquisition/reduction op- 
erations and a chronological test summary. 

1.2 Summary - The transfer function test was conducted during the 
period extending from 12 March through 31 March 1975. Control system 
evaluation was performed prior to 12 March 1975 and data reduction con- 
tinued beyond 31 March 1975. The test program was conducted at the 
Martin Mari tta Corporation Structures Test Facility in Denver, Colorado. 

An index to the data for the three test configurations (X, Y and Z- 
axis tests) is presented in Table I. Also, contained in Table 1 is the 
test sequence, run number, test reference and input parameters. Y-axis 
data are presented in Volumes II and III. Volume IV contains X and Z- 
axis data. A detailed index to the data is contained in each 
volume. Appendix A and B contain a post- test update of the require- 
ments document and test procedure. The procedure contains photographs 
of transducer locations and the test historical log. 

The data is currently being compared with analytical model data 
for model validation. 


2 .0 APPLICABLE DOCUMEKTS 


The following documents of exact issue shown, form a part of thj.s 
document to the extent specified herein. This document shall govern 
where differences occur in presented material. 

P74-48338-1, "Track-Train Dynamics Analysis and Test Program" 

TS-005-TF, "Track/Train Dynamics, Test Requirements Document, 
Transfer Function Test," dated 16 May 1975 

TP-005-TF, "Track/Train Dynamics, Test Procedure, Transfer Func- 
tion Test," dated 16 May 1975 

LAB 1007302, "Track- Dynamic Analysis GVS and Transfer Function 
Test," Test Fixture Drawings 

1923-010000, Time Data Operations Manual 
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LAB 0212205, "Time Data 1923 Sinusoidal Vibration Control System" 
1923-5017, "Time/Data Sinusoidal Vibration Control Manual" 


3.0 TRANSFER FUNCTION TEST DESCRIPTION 


3.1 Test Objective - The objective o£ the transfer function test 
was to obtain data for the validation of the freight car nonlinear elas- 
tic model, 

3.2 S pecimen/Test Configurations - The test specimen consisted of 
an L&N ER model M-042-174 80 ton open hopper freight car with ASF- 11 
trucks. Details concerning the test article general arrangement can be 
found in Appendix A, Figure 1. 

I 

The first test configuration was the fully loaded car containing 
approximately 162,000 lbs of coal supported on ASF-11 trucks. The 
wheel/axle sets of the test truck (the same one used for static tests) 
were supported on slide plate assemblies, two of which were equipped 
with load cells for measuring vertical forces. These load cells were 
positioned underneath the wheels where the force input was applied. 

The wheel/axle assemblies of the other truck were supported on spacer 
assemblies which brought the car to a level position. hydraulic 

actuators were rigidly coupled to the axles of the test truck for T- 
axis testing and actuator forces were reacted by a support fixture rigidly 
coupled to the test facility floor. A hydraulic power supply was placed 
in the proximity of the actuators. The freight car and truck assemblies 
were in a standard operational configuration. 

In the second test configuration, the car was supported the same way 
as the first; however, the actuators were positioned for X-axis testing 
and were rigidly attached to the front axle of the truck assembly. The 
slide plate assemblies with the load cells were positioned beneath the 
wheels with the actuator attachment. 

The third configuration involved the use of a single actuator posi- 
tioned at one side of the middle of the car for Z-axis testing. All 
other conditions were the same as test configurations 1 and 2. Each 
of the above test configurations are depicted in Figures 1 through 6 
respectively, 

3.3 Facilities Description - The tests described in this document 
were conducted at the Martin Marietta Corporation Structures Laboratory 
located in Denver, Colorado. All the test equipment used during this 
test was in current calibration throughout the test program except for 
10 charge amplifiers which required an extension beyond 24 March 1975. 
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3.3.1 Handling Equlpmetit - Two 100 ton Regent hydraulic jacks and 
four 50 ton Merrill hydraulic jacks were used to raise the freight car 
and truck assembly during setup operations. A rented conveyor system 
was used to unload the coal via the hopper hatches which were opened and 
closed with the aid of a hydraulic jack. 

3.3.2 Fixturing - The test truck assembly was' supported on four MMC 
slide plates and the actuator forces were reacted by support fixtures as 
shown in Appendix B, Figure 7.5. 

3.3.3 H ydraulic System - Forces were applied to the wheel axles by 
two hydraulic Moog actuators for the Y and X axis tests and by a single 
actuator for the Z axis tests. The deliverable force rating of an actua- 
tor is 14,040 pounds-peak with a 3000 psi differential pressure across 
the actuator piston. The hydraulic power supply pressure was maintained 
at 3000 psi by a 30 gpm Denison hydraulic pump during testing. An Annin 
control valve was used as a hydraulic oil safety bypass during Z axis 
testing to preclude the possibility of damage if motion were abruptly 
terminated (see Figure 7). 

3.3.4 Control System - The force input to the test specimen was 
automatically controlled by a Time Data 1923 digital control system 
with the master gain located in a remote control console. The control 
system was programmed to control the highest of two forces or a single 
force within a selectable amplitude window. Manual operation was op- 
tionally selectable with the use of an analog oscillator in the remote 
control console or the synthesizer used with the digital system. Com- 
puter instructions and post-test printout were provided by a remote TTY. 
Input force signals, the drive signal and the servo-valve drive amplifier 
signals were monitored on a multiplexed scope during testing. Actuator 
phasing (0° or 180°) was accomplished by reversing the output of one of 
the valve drive amplifiers. The systems described in this section are 
shown in Figures 8 and 9. 

3.3.5 Data Acquisition/Reduction System - The data from each run 
was recorded on a Honeywell magnetic tape recorder system equipped with 
a Vidar 100 channel FM multiplex system. Signal conditioning was accom.- 
plished with the use of charge amplifiers, LVDT balance amplifiers, and 
bridge balance amplifiers. Standard accelerometers, displacement trans- 
ducers, and strain gage transducers were used to measure the motion of 
the test specimen. A block diagram of the control and data acquisition/ 
reduction systems is presented in Appendix B, Figure 7.4. In addition, 
photographs of these systems are presented in Figures 10 through 13. 

3.4 Test SummaT v - In order to accomplish the stated objective of 
the test, it was conducted in accordance with the requirements specified 
in the test requirement? u’ocument (TS-005-TF, Appendix A) . A chronolo- 
gical test sequence, along with run numbers, test reference, input para- 
meters, and data reference is presented in Table I. Test modifications 
were generated by the test control board and were implemented during the 
course of the test. 
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3.4.1 Test Procedure - The performance of each vibration teat, 
identified by run numbers in Table I, was implemented by following the 
steps described in the test procedure (TP-005- TF, Appendix B) . The his- 
torical log of dally activities is included with the test procedure. 

3.4.2 Instrumentation Summary - A maximum of 44 measurements were 
recorded for a given test run as reflected by the data in Volumes II, 

III and IV. Instrumentation locations are identified in Appendix B, 

Figures 7.2 and 7.3. Coordinates of displacement transducers are pre- 
sented in Appendix B, Table 8.0; also presented are photographs of in- 
strumentation locations in Figures 7.2a through 7.2£ and 7.3a through 
7.3t.. 

3.4.3 Data Summary - Selected test data are presented in Volumes 
II, III and IV in the form of transfer function plots. Also presented 
is a listing of controlling force and associated frequency interval for 
the two actuator tests along with a listing of transducer sensitivities. 
Quick look oscillograph data, computer printout, and magnetic tapes gen- 
erated during the test are available and are being maintained in data 
retention files. 

3.4.4 Detailed Test Description - The following test descriptions 
provide information concerning the performance of each major test sequence. 
In general, control system limitations were experienced during testing 
which resulted in premature test run termination (aborts). These aborts 
were related to fixture resonances, fixture cross coupling and specimen/ 
actuator interaction. Typically, a test input spectrum and tolerance 

was entered into the computer program based on hydraulic system limita- 
tions. Data from test attempts and manual excitation at discrete fre- 
quencies optimized this spectrum which resulted in maximum input force 
and truck member relative motion. Low level tests preceded maximum in- 
put tests to preclude the possibility of over testing the specimen. 

The above approach produced the desired result below 20 Hz where motion 
was significant; however, aborts were still experienced above 20 Hz pri- 
marily from fixture resonances. These aborts wer^ identified by computer 
post-test printout messages, i.e. "maximum drive limit exceeded" and 
"control limit exceeded". 

Runs 1 through 5 - Precursor tests at three force levels were con- 
ducted in the Y-axis with the actuators 180° out-of-phase. Insuf- 
ficient motion was observed during- these tests and the following 
configuration changes were made. The actuator reaction fixture was 
stiffened by boxing in "I" beam sections and adding additional gus- 
setts. The layer of polychor tape was removed from the bearing 
surface of the slide plates and molydisulfide lubricant was used 
between the movable plate which contained polychor tape and the 
hearing plate. Finally, shims were added between the spherical 
bearing end pins of the actuators and the fixture clevis holes. 

Runs 6 through 46 - Force input spectrums were optimized and test 
runs conducted in the Y, X and Z axes. Tests Td.th the actuators 
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both in and out of phase were conducted in the Y and X axes, Z 
axis tests utilized a single actuator. Maximum relative motion 
of the truck members and the car was achieved while staying within 
the shaker system capability. Slide plates were inspected and lu- 
bricated between the Y and X axes tests. Longitudinal X motion was 
kept to a safe limit to insure that the specimen would remain on 
its supports. Low frequency control limits were set to +8 dB in 
order to accomplish Z axis testing (runs 44 through 46) . Previous 
test limits were generally a maximum of +4 dB. Further details 
concerning each run are delineated in Table I. 


4.0 SUMMARY OF RESULTS 


The transfer function test of the loaded 80 ton open hopper freight 
car was successfully completed in accordance with the requirements speci- 
fied in Appendix A. The transfer function data obtained is currently 
being compared xd.th analytical data. The results of this comparison 
will be submitted in a subsequent report, A siimmary of the test trans- 
fer function data is presented in Table II which lists the maximum mo- 
tion and frequency of selected runs for each measurement. 
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TABLE I . TBACK/TilATH TRANSFER FUNCTION TEST SONHARY (CONTINUED) 


TEST 

SEQUENCE 


El) K-Axis 21) 
Testa 


22) 22) 27 

23) 23) 2B 

24) 24) 29 

25) 25) 30 


TEST 

REFERENCE 


21) ReqmtS. Doc. 
TS-005-TF 
Test Frocciluce 
TP-00 5-TF 



TEST INPUT SPECTRUM 

TEST 

FREQ.(UZ) 

21) 3010 Ibs-pk @ 0.5 Ik, Linear 

21) 0.3-50 

Risa CO 1.3 Ik, 4310 Ibs-pk 


1,3-50 Ik 


22) 4760 Jbs-pk )? 0.5 Ik, Linear 

22) 0.5-1.606 

Rise to 1.3 Ik, 7150 Ibs-pk 


1.3-50 Ik 


23) 4500 Ibs-pk 0 0.5 Ha, Linear 

23) 0,5-3.226 

Rise CO 1.3 Ik, 6750 Ibs-pk 


1.3-50 Ik 


24) Some as Run IB 

24) 0.5-21.59 

25) 4C10 lUs-pk 00.5 !k, Linear 

25) 0.5-36.99 

Rise to 1.3 Ik, 6010 Ibs-pk 


1.3-50 Ik 


26) Same oG Run 26 

26) 0,5-2.088 

|27) 2680 Ibs-pk 0 0 .5 HzjLinear 

27) 0.5-2.026 

' Rise to 1.3 Its, 4020 Ibs-pk 


i 1.3-50 Hz 


28) 1691 Ibs-^pk 0 0.5 Hz, Linear 

28) 0.3-25.98 

Rise to 1.3 Hz, 2540 Ibs-pk 


i 1.3-50 Hz 



SWEEP rate! ACTUATOR 


TEST 

DATA 

DATE 

REFERENCE 



21) 3/25/75 21) Data Not Included 

22 ) 22 ) 

23) 23) 

24) f 24) , , 

25) 3/26/75 25) Data In Vol. IV 


2£) Data Not Included 
27) 1 


29) 5010 ibs-pk 0.5-50 Ik 

29) 0.5 i 
0.5-1.244 

29) ^ 

30) 2500 Ibs-pk 0.5-3 Ik, 12 UB/ 
Get 3-4.2 Ik, 5000 Ibs-pfc 
4.2-50 Hz 

30) 0.5-1.411 

30) 1 

31) 1990 Ibs-pk 0,5-3 Ik, 12 dU/ 
Oct 3-4.76 Ik, 5000 Ibs-pk 
4.76-50 Ha 

31) 0.5-1,425 

31) ' 

32) 500 Ibs-pk 0.5-3 Ha, 12 dB/ 
Oat 3-9.49 Ik, 5000 Ibs-pk 
9.49-50 Ik 

32) 0.5-0.737, 
0.5-4.01IA 
0,5-3.864 

32) 

33) 2000 Iba-pk 0.5-50 Ik 

33) 0.5-1.318 

33) 

34) 1000 Ibs-pk 0.5-50 Ik 

34) 0.5-0, 542& 
0.5-0,986 

34) ' 

35) 2000 Ibs-pk 0.5 Ik,Llnear 
Rise to 5 Ik, 3960 Iba-pfc 
5-50 Ha 

35) 0.5-32.26 

35) 

36) 3540 Ibs-pk 0-5 Ik, Linear 
Rise Co 5 Ik, 5010 Ibs-pk 
5-50 Hz 

36) 0.5-27.29 

36) 

37) 5010 Ibs-pk 0.5-50 Ha 

37) 0.5-27.5B 

37) ( 


29) N/A 

30) 


29) 3/2B/75 29) 

30) 30) 

31) 31) 

32) 32) 

33) 33) 

34) 34) 

W 

35) 3/31/75 35) 

36) 36) 

If 

37) If 37) Data In Vol, IV 


remarks 

21) Teat Conducted to Korean 1 Gomplctlau. 

22) Abort<sd @ 1.6D6 Hz On Max* Drive Limit, 

23) Aborted @ 3-226 Hz On Hax. Drive Limit.. 

24) Aborted 0 21..59 Hz On Max. Drive LiTait;. 

25) Aborted @ 36-99 5Iz Ou Max- Drive Limit- 

26) Aborted Q 2*0S6 Hz On 6 dB Control Limit, 

27) Aborted 2.026 Hz On 4 dB Control Limit. 

23) Aborted @ 25-93 lEz On 3 dB Control Limit. 


29) Run 34&35 Aborted 0 0.5&1.244 Hz On Max, 
Delve Limit A 3 dB Control Limit Respective!’ 

30) Aborted @ 1-411 Hz On 3 dB Control Limit. 

3J-) Aborted @ 1,425 Hz On 3 dB Control Limit. 

32) Run 38,39&40 Aborted @ 0.737, 4. 014^3, B64 Hz 
On 3 dB Control Limit. Force UaB Zeroed 
Prior to Run 39 6c Force Scmsitivlty Was 
Changed Prior Co lUm 40. 

33) Aborted 0 1,31B Hz On 3 Db Control Limit, 

34) Run 42S43 Aborted Q 0.S42&0.9S6 Hz On 3 dB 
Control Limit. 

35) Aborted 0 32.26 Uz On 4 dB Control Limit. 

36) Aborted 0 27.29 Hz On 4 dB Control Limit. 

37) Aborted 0 27, 5B Hz On 4 clB Control Limit. 
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TABLE II. DATA SUMMARY 


Meas, 

No. 

Uni 


Run No , 9 ' 

_ 

1.4 HZ 

2.1 HZ 

2.3 HZ 

2.9 HZ 

3.3 HZ 

3.7 HZ 

4.6 HZ 

5.2 HZ 



FLl/OSC 

lbs 

4,394 

5,371 

5,859 

6,347 

7,324 

7,324 

6,347 

6,347 

E 

+ 00 


FL2 ^ 


4,882 

6,347 

7,324 

7,324 

6,347 

5,371 

5,859 

6,347 




FL2/FL1 

Ibs/lb 

1.04 

1.22 

1.15 

1.2 

.92 

.8 

.9 

.9 




FV2 







0.49 

0.49 






FV3 

1 


1.12 







0.65 




DVl 

in/lb 



1.7 



1.2 



E 

- 

06 


DV2 





0.5 



0.8 






DV3 



2.2 

1.3 



1.2 



2.7 




DV4 



2.5 

0.8 



1.7 



2.2 




AV3 

G/lb 




11,3 








AV5 






8.0 








AL3 






4.3 

4.7 







AL6 



33.3 

53.3 

66.7 

66.7 

46.7 

43.3 

80.0 

66.7 




ALII 



33.3 

40.0 

66.7 

53.3 

20.0 

46.7 

53.3 

66.7 




ALA 



26.7 

33.3 

46.7 

53.3 

46.7 

33.3 

53.3 





AL5 



73.3 

66.7 


66.7 


93.3 

80.0 

146.7 




AL8 



40,0 

73.3 

73.3 

66.7 

66.7 

66.7 

60.0 

80,0 




AL9 





60.0 

86.7 

93.3 


106.7 

86.7 




ALIO 



16.7 

13.3 


36.7 

30.0 

33.3 






AL12 


f 

40.0 


40.0 

50.0 

40.0 

53.3 

60.0 

53.3 




DLl 

in/ lb 




28.0 



11.3 





DL2 






31.7 



11.7 





DL3 






12.3 



4.3 





DL4 


* 



1.7 

1.7 




0.7 




DL5 






0.7 


1.3 






DL6 





1.3 

1.0 








DL7 








0.7 




- 


DL8 



2.0 

5.3 

5.3 

5.0 

5.0 

4.7 

4.3 

3.0 




DL9 



1,7 

6.3 

7.3 

6.7 

6.7 

5.7 

5.0 

5.0 




DLIO 




3.3 

4.3 

4.7 

4.3 

3.3 

3.0 

2.3 




DLll 



2.0 

5.0 

5.3 

5,0 

5.0 

4,3 

4.0 

3.0 




DLl 2 




2.3 




2.0 






DL13 





2.0 









DLL4 




7.3 

7.3 

6.7 




4.7 




DL15 




6.0 

5.3 

5.7 




4.0 




DL16 

n 

!■ 


17.7 

19.0 


17.3 


14.7 





DLl 7 i 

w 

m 

■■ 

21.6 

22.3 


20.3 


17.7 



!L.- 













27 

TABLE II. DATA SUMMARY 


MEAS. 

NO. 

UN] 


RUN NO. 13 

_JLa * 

1.28 Hz 

2.08 Hz 

2.72 Hz 

3.2 Hz 

^.8 Hz 

5.76Hz 

6.4 Hz 

6.72Hz 



FLl/OSC 

lbs 

6,152 

5,859 

5,664 

7,812 

6,836 

7,324 

6,250 

8,007 

E+OO 


FL2 ^ 


5,859 

7,031 

8,007 

6,836 

5,859 

5,468 

4,687 

5,664 




FL2/IL1 

Ibs/lb 

1.03 

1.26 

1.24 

0.8 

0.82 

0.7 

0.7 

0.6 




FV2 

ri 


0.8 



0.53 



0.53 





FV3 


0.73 











DV3 

in/ lb 

2.7 




1.3 




E-06 


DV4 


3.0 



1.0 

1.0 







AVI 

6/ lb 





9.3 

12.7 


14.7 




AV2 






2.0 


6.0 


10.0 




AV3 






6.7 




7.3 




AV4 






3.3 

10.0 

13.3 


14.0 




AV5 






3.3 


6.7 


6.7 




AV6 






6.7 








ALl 






9.3 


12.0 


9.3 




AL2 






2.7 


8.7 


16.0 




AL3 






3.3 








AL6 








66.7 






AL7 






8.0 


13.3 


13.3 




ALII 

n 

■ 


40.0 

46.7 






__J 



AP 

psi/lb 

0.21 

0.21 

0.2 

0.21 

0.21 

0.12 

0.16 

0.23 

E+OO 


AL4 

G/lb 


33.3 

53.3 


46.7 

53.3 

53.3 


E-06 


AL8 

H 

■ 


46.7 

53.3 




80.0 


■ 

■ 


AL9 

!■ 




53.3 







1 


ALIO 

m 

r 



46.7 







■ 


DLl 

in /lb 



36.7 







H 


DL2 





40.0 







■ 

(HU 

DL3 





15.7 







- 


DL4 




nm 

nn 




n 





DL5 




HH 

n 


n 

1,0 

am 

BHI 




DL6 




1.0 










DL7 








0.5 






DL8 





5.0 









DL9 





mm 

IHH 








DLIO 





4.0 









DLll 





5.3 









DL12 





1.7 









DL13 ^ 


!_ 



2.0 







s_ 





















































TABLE II DATA S 


MEAS. 

NO. 


UNITS 


FL2 


FL2/FL1 Ibs/lb 1.0 


FV2 


FV3 


DV3 in/ lb 


DV4 


AVI G 


AV2 


AV3 


AV4 


AV5 


AV6 


ALl 



2.12 Hz 

2.75 Hz 

3.25 Hz 

1.25 Hz 

4,394 

4,394 

3,906 

3,906 

4,394 

4,882 

4,394 

4,394 


RUN NO. 14 


5 Hz 5.75 Hz 6.38 Hz 6.75 Hz 


3,906 4,394 3,418 4,394 


in/ lb 


























































































































30 






















31 

TABLE II. DATA SUMMARY 


MEAS. 

NO. 

u 


EUN NO. 23 

iS 

1.28 Hs 

1.76Hz 

2.08 Hz 

2.4 Hz 

miasi 




1 

FLl/OSC 

lbs 

5,664 

6,836 

7,226 

8,593 

9,179 

9,960 

E400 

i 



FL2 


6,836 

7,812 

6,445 

7,812 

5,859 

8,007 






IL2/IL1 

Ibs/lb 

1.1 

1.1 

1.15 

1.0 

0.75 

0.8 






EV2 



.61 











EV3 








0.8 

' 





DVl 

in/ lb 


0.7 



0.7 

■■1 

mm 




DV2 



1.0 





IHi 

m 

m. 




DV3 



2.3 




2.3 

2.3 






DV4 



2.7 




2.0 

2.3 






AVI 

G/lb 






13.3 






AV2 








in 






AV3 





» 

■■■ 

mm 







AV4 




r 




26.7 






AV5 






2.0 


6.0 






AV6 






HH 

mm 







ALl 






5.3 


13,3 






AL2 








9.3 






AL3 







4.0 







AL6 






53.3 








AL7 






6.0 


14.7 






ALII 

1 





53.3 




\ 




AP 

psi/lb 

0.26 

0.26 

0.27 

0.24 

0.2 

0.19 

E+OO 

. 



AL4 

G/lb 




53.3 


46.7 

E-06 




AL5 





46.7 



113.3 

■ 

■ 

HH 

■ — 


AL8 




73.3 

66.7 

60 


• 






AL9 




53.3 

60 



86.7 






&L10 






93.3 








AL12 






86.7 








DLl 

in/ lb 




50 








DL2 






60 








DL3 






46 




■ 




DL4 








0.7 


Hi 

HH 



DL5 





1.7 


■ai 

IIHII 


■ 

)HH 



DL6 





1.0 



1.0 


■ 

IHH 



DL7 






im 


im 


■ 




DL8 





5.0 





■ 

HH 



DL9 ¥ 


L. 



7.0 





m 

IHH 






















































TABLE II. DATA SUMMARY 


MEAS. 

NO. 

UNITS 

FLl/OSC 

lbs 


■■1 


lbs /lb 


4,687 1 4,297 


1.08 


EV3 


DVl in/ lb 1.0 


3,906 


0.69 0.65 


0.73 0.77 


mp 

tm 

4,004 

2,441 

3,711 

2,441 

1.12 

1.05 

0.61 

1.51 

0.85 

1.89 


4.0 7.5 


53,3 


53.3 

46.7 

52.0 

1 56.0 


AL4 


AL5 


AL8 


AL9 


DLl 


DL2 


DL3 


DL4 


DL5 


DL6 


DL7 


DL8 


DL14 


DL15 


DL16 


psi/lbl 0.24 10.25 


G/lb 


in/lb 


16.7 

16.7 

16.7 

0.23 

0.22 

0,24 


50.0 


16.7 16.7 


16.7 


13.3 13.3 


SO.O 


0.23 I mm 




































































































































34 

TABLE II. DATA SUMMARY 


Meas . 
Wo. 

Units 

Run No. 18 ■ 

1.12 HZ 

1.44 HZ 

1.60 HZ 

1.92 HZ 

2.4 HZ 

2.88 HZ 

3.2 HZ 1 

3.68 HZ 

5.28 HZ 


PLl/OSC 

lbs 

4.882 

6,836 

7,812 

6,836 

5,859 

4,882 


mm 

Hi^l 

E + 00 

FL2 i 

i 

5,078 

6,443 

.7,421 

5,371 

4,882 

5, 273 

4,882 


6,250 



FL2/FL1 

Ibs/lb 

1.17 






1.06 

1.02 

1.03 



FV2 




1.89 

1.05 









■1 

FV3 


' 


3.0 

1.73 








■ 

■ 

DVl 


in/ lb 

12.7 





9.5 


8.7 


E - 06 

DV2 




30.8 





9.3 

rW 


9.0 

■ 

■ 

DV3 




14.7 

15.3 




mil 

IBH 





DV4 




16.2 

16.7 





11.0 





AVI 


6/ lb 

8.0 











AV2 





11.3 


11.3 








AV3 


' 





20.0 


21.3 






AV4 





10.7 










AV5 





12,0 










AV6 








22.7 


26.7 





ALl 







33.3 








AL2 







10.7 








AL3 







10.7 








AL6 







3.3 








AL7 





1 


26.7 








ALII 


1 





2.7 









AP 


psi/lb 

0.27 

0.23 

0.18 

0.2 

0.2 

0.21 

0.23 

0.18 

0.23 

E •{- 00 

ALA 


G/lb 




6.7 






E - 06 

AL5 





23.3 


23,3 






■ 

■ 

ALB 




" ■ ~ ■■■'■! 





40.0 






AL9 





26.7 










ALIO 





2.7 







• 



ALl 2 


1 



2.0 










DLl 


in /lb 


1.7 





1.0 

■ 




DL2 





2.0 





1.0 





DL3 





1.5 





0.8 





DL4 







6,0 








DL5 







6.0 








DL6 







3.3 




2.3 




DL7 







3.3 




mm 




0L8 

DL9 

: 





1.3 









L 

— J 

: 


1.2 









7 ■ 
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TABLE II. DATA SUMMARY 


MEAS. 

NO. 

I UNI 


RUN Wi 19 ■ 

IS 

0.75 Hz 

1.0 Hz 1 

1.25 Hz 

1.5 Hz 

1.75 Hz 

o 

CM 

2.25 Hz 


2.75 Hz 


FLl/OSC 

■lbs 

3,515 

HISS 

7,519 

8,983 

8,983 

9,277 

7,617 

9,374 

11,132 

E400 

FL2 i 

■■ 

3,906 

5,371 

6,836 

9,081 

9,179 

8,788 

7,128 

9,081 

11,132 



D91SI 

lbs /lb 

1.13 

1.15 

.98 

1,08 

1.0 

nm 

.91 

.93 

.98 



FV2 

■ 

HI 

1.81 


1.33 



0.77 

0.8 


0.75 

HI 

IBII 

FV3 

HI 


1.16 


0.88 



0.53 

0.53 


0.53 

K 

HI 

DVl 

in/ lb 


17.7 

18.8 




21.7 



E-06 

BMi 




36.7 





36.7 



m 

a 

DV3 



18.7 

21.7 




16.0 






DV4 


mm 

■ 

mm 

25.0 




19.7 






AVI 

6/ lb 



11.3 









AV2 





U.7 



16.0 






AV3 







24.0 


25.0 





mm 

la 


— ^ „ 


12.7 




35.3 





AV5 

n 




11.3 




22.0 





\wmi 

la 







21,3 

24.0 





ALl 














lai 

la 


IBI 











sail 

la 


■■1 











fflSal 

la 













AL7 

« 

— 




28.0 






\ 


AP 

psi/lb 

0.23 

0.18 

0.26 

0.22 

0.14 

0.21 

0.18 

0.23 

0.21 

E400 

UMI 

G/lb 

13.3 


7.3 



7.3 




E-06 

sail 

la 

m 

HH 


26.7 





43.3 


B 

HI 

wmt 

la 

m 


38.7 


26.7 








UMl 

IB 


■m 


25.3 





43.3 




DLl 

in/ lb 

3.3 

3.0 


3.3 








DL2 


a 

3.0 



IBB 

iHH 




- 



mi 


a 



2,2 

2.2 


1.7 


aw 

0.83 



\m\ 


a 

Mil 

2.5 




8.7 






DL5 


a 

■■ 

2.0 




9.0 






DL6 


a 

BH 

IHH 




9.5 



6.2 



DL7 


a 

1.0 





9.8 



6.3 



DL8 


a 

.7 


2.0 









DL9 


a 



2.3 









DLIO 







2.2 







DLll 





wsm 

ISHH 








DL12? 

IB 

m 

IHHI 


0.8 
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TABLE II. DATA SUMMARY 






XABLE II . ^^DATA SUMMARY 


MEAS. 

NO. 

UNITS 

RUN NO. 20 

0.75 Ha 

1.0 Hz 

1.25 Hz 

1.5 Hz 

1.75 Hz 

2.0 Hz 

2.25 Hz 

2.5 Hz 

2.75 Hz 


IXl/OSC 

lbs 

3,711 

4,590 

5,859 

7,421 

9,960 

10,448 

7,519 

7,031 

9,960 

E+00 

51.2 i 

1 


4,687 

5,859 

8,203 

7,714 

10,546 

9,765 

5,859 

7,031 

9,765 



FL2/II.1 

Ibs/lbf 

1.25 

1,1 

1.2 

1.0 

1.0 

0.95 

0.85 

0.95 

0.95 



FV2 




1.57 


1.63 





0.93 




FV3 


1 


2.93 


2.64 





1.47 


\ 


DVl 


in/ lb 


24.7 





25.3 

26.7 


E-06 

DV2 





36 




26,7 


27.3 

28 



DV3 




15.3 


22.5 



10.3 


10 




DV4 




17.3 


26.3 



12.3 


13 




AVI 


G/lb 

10 


13.3 






43.3 



AV2 






16.7 






20 



AV3 






16.7 



23.3 






AV4 




16.7 


16.7 



26.7 


36.7 




AV5 






16.7 



16.7 


20 

23.3 



AV6 






20 





26.7 




ALl 




16.7 


40 


36.7 

36.7 

30 


40 



AL2 




6.7 




10 

10 



23.3 



AL3 








10 


13.3 





AL6 





6.7 

6.7 

■ 








AL7 


' 


16.7 




36.7 







AP 


psi/lb 

0.29 

0.23 

0.24 

0.22 

0.21 

0.22 

0.22 

0.23 

0.22 

E-K)0 

AL4 


G/lb 

10 

10 


10 



6.7 



E-06 

AL5 




33.3 



33.3 





43.3 



ALS 




16.7 



13.3 



13.3 





AL9 





53.3 


40 



56.7 





DLl 


in/ lb 

1.7 



2.0 








DL2 




1.3 



2.3 





• 



DL3 






2.0 





1.0 

1.0 



DL4 




2.2 



7,0 

7.5 




8.3 



DL5 




1.7 



7.5 

7.5 




8.0 



DL6 




1.0 



8.3 

8,0 




7.7 



DL7 




1.0 



8.7 

8.7 




7.5 



DL8 






2.2 









DL9 






2.3 









DLIO 






2.3 


1.7 




wm 

■ 


DLll 






2.0 







■ 

m 

im 

I 

H 

m 

0.7 



0.7 
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TABLE II. DATA SUMMARY 


MEAS. 

NO. 

UNI 


RUN 46 i 

TS 

1.0 HZ 







zn 


FVl/OSC 

lbs 

12.792 

E+00 









FV2/FV1 

Ibs/lbi 

2.86 











FV^ 



3.66 

1 










DVl 


Ln/lb 

31.5 

E-06 1 









m2 















DV.^ 
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DV4 


' 


18.5 
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G/lb 
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AV2 . . 
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8.7 
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AL2 
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5.7 











AL7 


1 


2.3 











DL3 


in/ lb 
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DL4 
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DL5 




1.3 











DL6 




0.7 











DL7 




0.7 











DL9 




0.5 











DL12 
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DL14 
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DL15 f 
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1.0 IHTRODUCTION 

This document defines the detailed requirements for conducting 
sinusoidal vibration tests on an 80 ton open hopper railroad freight 
ca?:. The test program consists of obtaining transfer function data 
from vertical and lateral s'^citation of the test article for compari- 
son \jith analytical data. 

1.1 Test Objective - The objective of the transfer function test 

« 

is to obtain data for the validation of the freight car nonlinear elas- 
tic model. 

2.0 DESCRIPTION OF TEST ARTICLE 

The test article is an LfidJ RR model M-042-174 freight car with 
ASF 11 trucks. Details concerning the test article general arrange- 
ment can be found in Figure 1. 

2.1 Test Configuration - The test specimen will be loaded with 80 
ton of coal. One truck assembly will be supported by four individual 
lateral slide plates at each wheel location which ^d.11 be coupled to 
the test floor through load cells or spacers as required. The other 
truck assembly will be supported such that the entire assembly is parallel 
with the facility floor. This test setup is illustrated in Figure 2. 

3.0 TEST LOCATION AND FACILITY DEFINITION 


The test \d.ll be conducted in the structural Laboratory Low Bay area 


A7 


of the General Purpose Laboratory. Test support equipment will be 
located in the enclosure near the test setup to afford this equipment 
maximum protection. The necessary utilities to accommodate the test 
support equipment will be furnished by the test facility. 

4.0 RESPONSIBILITIES AND SUPPORT REQUIREMENTS 

4.1 Environmental Laboratory (0434) - Provide two hydraulic shaker 
systems, instrumentation, data acquisition/reduction equipment, test 
procedure, data report and post-test procedure update. 

4.2 Structures Laboratory (0436) - Provide facility, hydraulic 
pump and plumbing, shaker supports, truck support and slide plates, 
wheel load cells, shaker load cells and attachment and displacement 
transducers and installation. 

4.3 D ynamics (0433) - Provide pre-test analysis, test requirements 
document, post-test requirements document update, final test report, and 
analytical model validation. 

4.4 Safety - Insure personnel safety. 

5.0 TEST REQUIREMENTS 

5.1 Test Description - Lateral excitation will be applied to the 
test specimen simultaneously by two 10,000 force- pound hydraulic actua- 
tors. Input force levels will be automatically controlled by peak 
selection between each actuator. Vertical excitation will be applied 
using a single actuator. Sinewave sweep tests will be conducted from 
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R 0.5 to 50 Hz at 2 octave /minute and at three peak force levels, 2000, 

5000 and 10,000 pounds respectively. The above force levels will be 
limited by actuator maximum displacement and force capability (max. 
displ. 2" d.a., max. force approx. 10,000 pounds- peak) . 

R 5.1.1 Lateral Tests - Excitation will be applied separately 

in the (Y) direction at the axles of each wheel set and in the (X) 
direction at the forward axle of one truck as shown in Figur'';; 2, Tests 
will be conducted with the actuators both in phase and 180^ out of phase 
for the (Y) and (X) direction tests. During these 

tests, vertical wheel forces will be measured at wheel positions 1 and 2 
for (Y) and 1 and 3 for (X) direction tests as shown in Figure 4, 

t 

R 5,1.2 Vertical Tests - Excitation will be applied vertically 

at the freight car side frame in the middle of the car body as shown 
in Figure 2. Tests mil be 

conducted while monitoring vertical wheel forces at wheel positions 1 
and 3, respectively (see Figure 4). 

R 5.2 Instrumentation and Data Acquisition - Instrumentation locations 

and measurement numbers are illustrated in Figures 3 and 4 and listed in 
Table I, The total number of transducers which will be recorded on mag- 


netic tape are as follows: 

Force Gages (Load Cells) 4 

Accelerometers 18 

Displacement Transducers 21 

Differential Pressure 1 


In addition, movie camera coverage of truck/car motions will be required. 

R 5.3 Data Reduction - Data reduction will consist of obtaining 

transfer function plots as required using the Input force at one actua- 
tor position as a reference. Selected oscillograph data will also be 
required. 
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6.0 RESULTS 

R 6,1 Test Data Report - A test data report will be issued 30 days 

after the completion of the data reduction. This report shall include, 
but not be limited to, the following; 

a. Transfer Function Plots, 

b. Photographs of the test setup and instrumentation locations, 

c. Movies of car/ truck motions, 

d. Test log, 

e. Instrumentation Log Sheets (calibrations, channel and trace 
identification, etc.). 

6.2 Data Retention - All quick look data, tapes and logs will be 
retained for 18 months after test completion. 
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FIGURE 2. TEST SETUP AND CONFIGURATION 
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NOTES: DL1,2&3 ARE RELATIVE DISPL. OF BOLSTER WRT CAR, ALSO DV3 & DV4 . 

DL4 THROUGH DLll ARE RELATIVE DISPL. OF SIDE FRAMES ^iIRT AXLE. 

DVl, DV2, DL12 & DL13 ARE RELATIVE DISPL. OF BOLSTER WRT SIDE FRAMES, 
ALSO DL14 & DL15. 

DL16 & DLX7 ARE RELATIVE DISPL. OF SIDE FRAMES WRT TfflEELS 1 & 3 
RESPECTIVELY. 

R. FIGURE 4. TRUCK INSTRUMENTATION LOCATIONS 
AND MEASUREMENT NUMBERS 





TABLE I. TEST MEASUREMENT SUMMARY 


TRANSDUCER 

LOCATION 


Car Left Side, Fwd. End 

1 , Middle 


Y , Aft End 
Car Right Side, Fwd. End 

, Middle 
, Aft End 
, End 
, Middle 

V , Aft End 
Axle, Opposite Wheel 1 


Bolster, Left Side 


Axle, Opposite Wheel 2 


Axle, Opposite Wheel 3 
Bolster, Right Side 
Axle, Opposite Wheel 4 


Etm. Bol. & Side Frame L. Side 
^ Rt, Side 

Bt^m. Bol. & Car Left Side 

^ Rt. Side 

Btwn. Bol. & Gar Left Side 

X Rt. Side 

« Center 


Btwn. S, Fr. & Axle, Wheel 


BtTOTi. Bol. & Side Fr. L. 

Rt. 

L. 

Rt . 


1 

2 

3 

4 
1 
2 

3 

4 

Side 

Side 

Side 

Side 


Btw. Actuator & Car L, Side 
Btwn. Wheel 1 & Facility Floor 

I 3 I 

Bt^m. Actuator & Axle,Opp. Wh. 1 

1 2 

3 


Btwn. S. Fr. & Wheel 1 
Wheel 3 


PURPOSE OF 
MEASUREMENT 


To Nfeas. Car Vert. (Z) & 
Roll (TX) Acceleration 



To Meas. Car Lateral (Y) 
Accelerations 

t 

To Meas., Axle, (X) & (TZ) Accel. 

^ , (Y) Accel. 

To Meas.’ Bol., (X) & (TZ) Accel. 

4 (Y) Accel. 

To Meas.*Axle,’(X) & (TZ) Accel. 

I , (Y) Accel. 

¥ , (X) & (T2) Accel. 

To Meas. Bol., (X) & (TZ) Accel. 

To Meas. Axle, (X) fie (TZ) Accel, 


To Meas. Rel. Displ. (Z)&(TX) of 
Bolster WRT Side Frame 
To Meas. Rel. Displ. (Z) & 

(TX) of Bol. WRT Car 

To Meas. Rel. Displ. (X) & (TZ) 

of Bol. WRT Car 

To Meas. Rel. Displ. (Y) of Bol. 
WRT Car 

To Meas. Rel. Displ, (Y) of 
Side Frame WRT Axle 


To Meas. Rel. Displ, (X) of 
Side Frame WET Axle 



To Meas. Rel. Displ. (X) & (TZ) 
of Bol. WRT Side Frame 
To Meas. Rel. Displ. (Y) of 
Bol, I'lRI Side Frame 


To Meas. Vert. (Z) Input Force 
To Meas. Vert. Force @ Wh. 1 

i 3 

To Meas. Lat. (Y) Input Force 



To Meas. Rel. Displ. (Y) & (TZ) o: 
S. Fr. WRT Wheel ^ 


Actuator No. 2 


To Meas. Diff. Press. Across Act. Piston 
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1.0 SCOPE 


This procedure provides the necessary information and detailed 
operations required to conduct the transfer function vibration test on 
an 80 ton open hopper freight car. 

1.1 Objective - The objective of the transfer function test is to obtain 
data for the validation of the freight car nonlinear elastic luodel. 

1.2 Summary - The test configuration, handling, test facilities, 
test operations, and data acquisition/reduction activities necessary to 
meet the conditions of the test requirements document (TS-005"TP) are 
delineated herein. 

2.0 TEST COKFIGIIMTION 

The test article ’iid.ll be setup as illustrated in Figure 7.1. 

3.0 SUPPORT EEQUIREIJENTS 

3.1 Handling Equipment - The support equipment necessary to move 
the freight car, shakers, and coal is listed in Table 8.1. 

3.2 Test Equipment - The support equipment necessary to conduct the 
test is listed in Table 8.2. 

3.3 Reference Documents - 

3.3.1 P74-48338-1, "Track-Train Dynamics Analysis and Test 

Program," Update 

3.3.2 TS-005-TF, "Track/Train Dynamics Test Requirements 

Document, Transfer Function Test" 

3.3.3 LAB 1007302, "Track- Dynamic Analysis GVS and Transfer 

Function Test" 
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3.3.4 IjAB 0212205, Sinewave Vibration Control Standard 

Operating Procedure 

3.3.5 1923-5017, Time/Data Sinusoidal Vibration Control 

Manual 

3 . 4 Facility Requirements - 

3.4.1 115 VAC, 60 Hz, 1 0 

3.4.2 440 VAC, 60 Hz, 3 0 

3.4.3 Hydraulic Power Supply 


4.0 SPECIAL CONSIDERATIONS 

4.1 Cautions and Warnings - The description appearing within a 
CAUTION or WARNING precedes the information that it is intended to em- 
phasise. A CAUTION is used to prevent personnel from damaging equipment, 
A WARNING is used to prevent test personnel from endangering their safety 
or that of others. Each step of this procedure shall be read completely 
before proceeding with the action. 

4.2 Test Discrepancies - A test dir^repancy shall be logged and 
reported when test performance and/or re; ilts are affected. 

4.3 Safety - MMG supearvision are directly responsible for the 
safety of all personnel, safe working conditions and the implementation 
of all safety requirements applicable to this procedure. 

4.3.1 All test team members are responsible for adhering to 
normal safety standards and procedures. They are also respon- 
sible for advising of any unsafe acts or conditions observed 
during preparation for or during conduct of this procedure. 
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4.3.2 Personnel safety mil be notified 24 hours prior to the 
official test start date. This test is classified as having 
non- destructive potential. 

4.4 Procedure Changes - All changes to this procedure will be 
documented and added to a post-test procedure update. 

4.5 Test Personnel 


Code 

Description 

Ouantitv 

TD 

Technical Director 

1 

TE 

Test Engineer 

1 

MI 

Mechanical Technician 

1 

ET 

Electronic Technician 

1 

SF 

Safety 

1 


Test Lo s - A test log shall be maintained during the test and 
shall contain information for a complete historical chronological des- 
cription of test activities. 

4.6.1 Instrumentation setup sheets shall be maintained and 
form part of the test log. 

4,7 Test Data - Provision shall be made to retain all test data 


for a period of 18 months 

after the test completion. 


4.8 Test Control Board - A test control board 

(TCB) shall perio 

dically monitor test activities and shall consist of 

the following 

personnel : 



Name 

Title 

Func tion 

G, Morosow 

Project Manager (MMG) 

Chairman 

P, Abbott 

Technical Director (MMC) 

Member 

J, Macpherson 

Technical Representative 
CNASA/MSFG) 

Member 



RESPOIJS- 

IBILITY 



5.1.1 MT 


5.1.2 MT 


5.1.3 MT.ET 


5.1.4 , MI 


Position the freight car in the 
facility per drawing LAB 1007302. 

Install hydraulic power supply near 
actuator test positions. 

Install aft truck support, forward 
slide plates and load cell/spacer 
assembKes per LAB 1007302. Locate 
load cells under wheel 1 and 2 per 
Figure 7.3 and measure static load. 

Install actuator support fixture per 
LAB 1007302. 


5.1.5 MI 


5.1.6 ET 


5.1.7 ET/MT 


5.1.8 EI/MI 


5.1.9 ET 


5.1.10 El 


Install actuators for (Y) direction 
tests per Figure 7.1. 

Install instrumentation in the loca- 
tions identified by Figures 7.2, 7.3 
and Table 8.3. Hecord data in Table 

8.4. 

Setup actuator system and data acqui- 
sition/reduction equipment as shown 
in Figure 7.1. 

Connect and route all interconnecting 
cables and plumbing per Figure 7.4. 

Verify data acquisition equipment 
operation, tap check transducers, 
record full scale calibrations and 
log information in Table 8.4. 

Load sine control program in computer 
4 i.nd verify operation per Time/Data 
manua 1 . 


5.2.1 TE/et al 


Detailed Operations 

Perform a 2000 Ib-pk sinewave sweep 
from 0.5 to 50 Hz controlling FLl and 
FL2 per LAB 0212205 and record all 
data channels. 


REMARKS 


Wh. 1 - 25,939 
Wh. 2 - 25,755 


Control Abort 
Tol- + 3dB 









STEP 

NO. 


RESPONS- 

IBILITY 


ACTION 


REMARKS 


5.2.2 

TE/et al 

— 

Perform a 5000 Ib-pk sine sweep from 
0.5 to 50 Hz controlling FLl and FL2 
per LAB 0212205 and record data. 

Limit Actuator 
Displ. to +2*' 
D.A. fis Vel. to 
8.3 "/sec. 

5.2.3 

TE/et al 

— 

Perform a 10,000 Ib-pk sine sweep from 
0.5 to 50 Hz controlling FLl and FL2 
per LAB 0212205 and record data. 

Also, take movies of car/truck motion. 

Limit Actuator 
Displ. to +2" 
D.A. & Vel. to 
8.3 "/sec. 

5.2.4 

TE 

— 

Load transfer function program and 
plot selected data per TD. 


5.2.5 

TE/et al 


Load sine program and repeat steps 
5.2.1 through 5.2.4 with the actuators 
in phase. 


5,2.6 

MI 


Photograph test setup and actuator/ 
transducer locations. 


5.2.7 

MT 


Install actuators for (X) direction 
tests and vertical load cells per 
Figures 7.1 and 7.3. 


5.2.8 

TE/et al 


Repeat steps 5.2.1 through 5.2,6, 
except control measurements FL3 & FL4. 


5.2.9 

MT 


Photograph new actuator locations 


5.2.10 

MT 


Install a single actuator for (Z) 
direction tests per Figure 7.1. 


5.2.11 

TE/et al 


Load sine program and perform steps 
5.2.1 through 5.2.4, except control 
measurement FVl, 


5.2.12 

MT 


Photograph actuator location. 


5.2.13 

ET 


Complete data reduction per TD. 


5.3 



Post- Test Review 


5.3.1 

TCB 


Perform post- test review to verify 
test objectives & terminate test. 








REMARKS 
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6.0 ABBREVIATION AND ACRONYMS 


Calib. 

Cap. 

CDC 

Ch. 

Ck. 

CO 

ET 

FS 

Meas. 

Nfg. 

MMC 

MSEC 

MT 

NASA 

No. 

0- Graph 
Osc . 
Qty. 
QUAD 
Sens , 

SF 

SW 

TCB 

TD 


Calibration. 

Capacity 

Control Data Corporation 

Channel 

Check 

Coincidence Component 
Electronic Technician 
Full Scale 
Measurement 
Manufacturer 

Martin Marietta Corporation 
Marshall Space Flight Center 
Mechanical Technician 

National Aeronautics and Space Administration 

Number 

Oscillogra ph 

Oscillator 

Quantity 

Quadrature Component 

Sensitivity 

Safety 

Switch 

Test Control Board 
Technical Director 


j 
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TE 

TTY 

Typ. 

U-D 


Test Engineer 
Teletype Terminal 
Typical 

Unholtz-Dickie Corporation 


XDCR 


Transducer 



CONTROL 

ROOM 



TAPE 

^ RECORDERS & 
SYSTEM 

^ S • G • 5X GN AL 
CONDITIONING I 


SHAKER 

CONTROL 

CONSOLS 

-TD-1923 

COMPUTER 


DISPLACEMENT 
XDCR (LVDT) 
SIGNAL 

CONDITIONING 


ACTUATOR 

LATERAL 

TEST 

LOCATION^ 
(Y) DIREC- 
TION 

ACTUATOR y 

LATERAL 

TEST 

(X) DIREC-^ 
TION 


4^fHEEL SLIDE 
PLATES 
TYP. 4 PL. 


_ HYDRAULIC 
ACTUATOR 
LATERAL 
SUPPORT 
TYP. 2 PL, 



•^ACTUATOR 
VERTICAL 
TEST 
LOCATION 
(Z) DIRECTION 

WHEEL 

' — POSITION . 
NUMBERS 
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al6 


I1^DL4 
Wl FV2 


FORWARD 

TRUCK 

ASSEMBLY 


RECORDED 
FOR ALL 
TESTS 
FORWARD — 
END 

RECORDED 
FOR X AND 
Z TESTS 




RECORDED 
FOR (Y) DIREC- 
TION TESTS 

"AFT END 


I » 1 fv4 ■ 


o ^ 

DV4 


WHEEL 4 


•..DL-15 




DL8 i;OPP. SIDE) 
DLIO A 


CENTER PIN 




DV2 


DL12 (OPP. SIDE) 
DL13 


FV4 

FV2 (OPP. WHEEL) 


FV3 (OIT. SIDE) 


NOTES: DL1,2&3 ARE RELATIVE DISPL. OF BOLSTER WRT CAR, ALSO DV3 & DV4 

DL4 THROUGH DLll ARE REL/\TIVE DISPL. OF SIDE FRAMES mi AXLE 
DVl, DV2, DL12 & DL13 ARE RELATIVE DISPL. OF BOLSTER TOT SIDE FRAMES, 
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DL16 & DL17 ARE RELATIVE DISPL. OF SIDE FRAMES WRT WHEELS 1 & 3 
RESPECTIVELY. 
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FiGURH 7.3j. iNSTRUMKNTAimX LOCAILONS, BOI.SlT-l 





FIGURE 7.3k. INSTRUMENTATION LOCATIONS, BOLSTER AND CAR 
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Table 8;l HANDLING NQUIEMENT 


DESCRIPTION 


Facility Crane (20,000 lb. Cap.) 


MF6/M0DEL NO. 



Facility Handling Slings and Harnesses 


Hydraulic Jacks (100 Tori) 


Regent 


As 

Eeq‘d 


Goal Conveyor System 


Coal Trucks 


Hydraulic Jack (50 Ton) 


Merrill 
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R Table 8.2 TEST EQUIEMEHT 


ITEM 

NO. 

DESGEIETION 

MP6. /MODEL NO. 

QTSr. 

1 

4| 

. Computer (Shaker Control & Data Analysis) 

Time Data/1923 
30V 

1 

2 

Shaker Gain Control & Monitor Console 

MMC 

1 

3 

Servo Amplifier 

MMG 

1 

4 ; 

Hydraulic Actuator 

Mbog 

2 

5 

Hydraulic Power Supply 

’ 

Dennison 

1 

6 

Actuator Support, Slide Plates 6: Truck 
Support Assemblies 

MMC /LAB 1007302 

1 

7 

Automatic Bypass Valve 

Annin 

1 

8 

Accelerometer . 

U-D/75 D 21 

2 

9 

Accelerometer 

Columbia/302“2 

8 

10 

Accelerometer 

Statham/A5a-2 .0 
5.0,10.0-350 

; 8 

11 

Displacement Transducers 

SS- 107 G.L. Coll 
SS-105 ; 

Lns 

21 

12 

Load Cell 

Strain sent 
Universal 

6 

13 

Force Gage 

. MMG : 

2 

14 

Charge Amp lif ier 

Kis tier/ 50 5M111 

10 

15 

Bridge Amplifier 

Dana 

34 

16 

Summing Amplifier 

Dana 

2 

17 \ 

Tape Recorder (FM/EII) 

Honeywell 

1 . 

18 

Multiplexer 

Vidar 

1 

19 

De-Mux 

Vidar . 

1 , 

20 

Cable (100 foot mini-noise) 

Microdot 

10 

.'21 ■ 

Equipment Interconnecting & Power Gables 

O 

As 

-Req'd 

22: V-,. 

Hydraulic Plumbing 

t ■ 

As . 
Keq^d 
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R TABLE 8 .3 TEST MEASUREMEHT SUMMARY 


MEAS. 

NO. 

TRANSDUCER 

LOCATION 

PURPOSE OF 
MEASUREMENT 

SENS, 

AXES 

AVI 

Car Left Side, Fwd. End- 

To Meas. 

Car Vert. (Z) & 


2 


AV2 . 

1 

, Middle 

Roll (TX) 

Acceleration 




AV3 

T 

, Aft End 






AV4 

Gar Rigt 

Lt Side, Fwd. End 






AV5 

. 

3 Middle 






• AV6 


, Aft End 


r 




ALi ■ 


, Fwd, End 

To Meas . 

Car Lateral (Y) 


li 

r 

AL2 


, Middle 

Accelerations 


1 


AL3 

1 

3 Af t End 

1 



i 

f 

Aij^ 

Axle, Op 

iposite Wheel 1 

To Meas., 

Axle, (X) & (TZ) Accel. 

X 

AL5 

i 


i 

f 3 (Y) Accel. 

-X 

AL6 

Bolster’, 

Left Side 

To -Meas . ] 

Bol., (X) 5c (TZ) Accel. 

X . 

AL7 

♦ 


i 

f 3 (^) Accel. 

-3 

r 

AL8 

Axle, Opposite Wheel 2 . 

To Meas. 

Axle, (X) 6c (TZ) Accel. 

} 

C 

AL9 

f 

• 

' J 

, (Y) Accel 

• 

-Y 

ALIO 

Axle, Opposite Wheel 3 

■ 

r , (X) 6: (TZ) Accel. 


ALU 

Bolster j 

Right Side 

To Meas. 

Bol., (X) 5c (TZ) Accel. 



•AL12 

Axle, Opposite T^heel 4 

To Maas. 

Axle, (X) & (TZ) Accel. 


f 

DVi 

Btwn. Bol. & Side Frame L. Side 

To Meas . 

Rfil. Displ. (Z)£c(TX) of 

z 

DV2 

1 

r Rt, Side 

Bolster WT Side Frame 

■ ■ ■ 1 



DV3 

Btw. Bol. 5c Car Left Side 

To Meas. 

Rel. Displ. (Z) & 



m 


' Rt. Side 

(TX) of Bol . WRT Gar 


1 

f 

DLl 

Bt^m. Bol. 5c Gar Left Side 

To Meas. 

Rel. Displ. (X) 

& (TZ) 

X 

DL2 


. Rt. Side ■« 

of Bol. MT Car 


1 


DL3 

} 

' Center 

To Meas. 

Rel. Displ. (Y) 

of Bol. 

- ^ 

i 




WRT Car 





DL4 

Bt\m . S 

. Fr. Sc Axlej Wheel 1 

To Meas . 

Rel. Displ. (Y) 

of 



DL5 


2 

Side Frame l^RT Axle 




DL6 


3 


1 




DL7 • 


4 


1 


1 

1 

DL8 


■1 -■■■■■ 

To Meas. 

Rfil. Displ. (X) 

of ^ 

X 

DL9 


2 

Side Frame t'JRI Axle 




DLIO 


3 


1 




DLll . 


' ,4.,. 


Y 




DL12 

Btwn; Bol. S: Side Fr. L. Side 

To Meas . 

Rfil. Displ. (X) 

5c (TZ) 


r 

DL13 


Rt. Side 

of Bol.A'JRT Side Frame 


} 


DL14 


L , Side 

To Meas. 

Rel, Displ. (Y) 

of 



DL15 


f Rti Side 

Bpi. \m 

Side Frame 


„ 


FVl 

Btw. Actuator 6: Car L. Side 

To Meas . 

Vert. (Z) Input Force 

' ■■ z ' 

FV2 

Btwn. Wlieel 1 5c Facility Floor 

To Meas. 

Vert. Force . @ Wh. 1 



FV3 


1 2 1 


i 

2 


t ■ 

EV4 

■ 1 

r 3 T 



' .";3- . 


1 

FLl 

Btm. Actuator 6e Axle, 0pp. T'Jh. 1 

To Meas. 

Lat. (Y) Input 

Force 


Y 

!FL2 


2 


t ■■ 


. .1 

1 

FL3 


....... 1.... 


m 


... X 1 

1?^4. 


V ■ ■ ■■ -3: 


:■ f: :■ 3 

f.--- v 

■ .. -..1 


DLI6 

BtWn. 

S. Fr. 5= Iffiieel 1 

To Meas . 

Rel. Displ. (Y) 

Sc (TZ) 0 

£ • 

Y 

DL17 


^ Awheel 3 

1 S. Fr. WRT Wheel ^ 



L— 

AP 

Actuator No. 2 

To meas. 

Diff . Press . Across Act. 

Pis ton 



XDUCR 

MODEL 

NO. 


XDUCR 

SENS. 


AVI 


AV2 


AV3 


AV4 


AV5 


AV6 


ALl 


AL2 


AL3 


AL4 


AL5 


AL6 , 


AL7 


,AL8 


AL9 


ALIO 


ALII 


AL12 


A5a- 5-350 9.86imr/g 


9.66mv/g 


9.54rav/g 


A5a-2“350|23.9mv/g 


26.4mv/g 


A5a-5-350 9.2 mv/g 


4.8iav/g 


64.2mv/g 


77.8iav/g 


62 my/g 



63.2 


61 mv/g 


SIG. 
COND. 
CH. NO. 

TAPE 
GH. NO. 



Ml-3 

2/14 

Ml- 5 

2/15 

Ml-6 

2/16 

Ml-7 

2/17 

Mi-a 

2/18 

Ml-9 

2/19 

Ml- 10 

3/24 

Ml- 11 

3/25 

CA-1 

3/26 

GA-2 

4/34 

CA-3 

4/35 

CA-4 

3/27 

l^^Bi 

3/28 

GA-6 

4/36 

GA-7 

4/37 

GA-8 

4/38 

g GA-9 

3/29 


TAPE 

FS 

CALIB , 


1 g/v 


XDUCR 

S/N 


7083 


7077 


6467 


7079 


6587 


4703 


5732 


3138 


3248 


3136 


3137 


3249 


3251 


3135 


3139 


421 


75D21 


AVI 


AV2 


AV3 


AV4 


AV5 


AV6 


ALl 


AL2 


93 


178 


177 


174 


179 


176 


119 


91 


92 


171 
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R Table 8.4 IHSTEUMEHTATION SETUP SHEET 


ME AS . 

XDUCR. 

MODEL 

NO.. 

XDUCR. 

SEES. 

SIG. 
COND, 
GH. NO. 

TAPE 
GH. NO. 

TAPE 

FS 

CALIB. 

XDUCR. 

S/N 

CABLE 
— 



* 




.‘-i 

ridar/M-G£ 

rt 








DVl 

SS-105 

0,5 in/V 

1/3-1 

1/6 

0.5 

Ln/V 

9692 

1 





m2 

s:s-io7 



2/3-2 

1/7 



19774 

2 





m3 

SS-105 



3/3-3 

1/8 



19647 

3 





DV4 

SS-107 



4/3-4 

1/9 



19775 

4 





DLl ^ 

SS-107 



5/3-5 

6/44 



19639 

5 





DL2~ ” 

SS-1G7 : 



6/3-6 

6/45 



19641 

6 





DI/3 

SS-105 



7/3-7 

6/46 



7850 

7 



■ * 


DL4 

SS-107 



8/3-8 

6/47 



19643 

a 





DL5 

SS-107 ' 



9/3-9 

6/48 



19771 

9 



- 


DI.6 

SS-107 



10/3-10 

6/49 



19642 

11 





DL7 

SS-107 ' 



11/3-11 

6/50 



19772 

10 



^ : 

- 

DL8 

SS-107 

■ 


12/3-12 

7/54 



19648 

12 






ESSS9H 

■I 

mm 


7/55 

■ 

mi 

19646 

13 






SS-107 

Bi 



7/56 

■ 

m 

19773 

14 





DLll 

SS-107 

■ 

mm 

15/3-15 

7/57 

B 

m 

19640 

15 





DL12 

SS-107 

B 

■ 

16/4-1 

8/64 

■ 

B 

19776 

16 





DL13 

:SS-105 

B 

m 

17/4-2 

8/65 

■ 


9304 

17 





PL14 

SS-107 

■ 

■ 

18/4-3 

■K 

S 

Bi 

19645 

18 





IHEH 

SS-105 



19/4-4 

8/67 



7847 

19 





DL16 

SS-105 

mi 


20/4-5 

8/68 



7843 

- 





DL17 

SS-105 


r ■ 

21/4-6 

8/69 

■ 

-^mi 

9305 

- 
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These iieasuremer ts were redundant 
each tape track of each mW Group 
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Table 8.5 TEST HISTORICAL LOG 


TIME 

i DATE :: 

RUN 

NOi 

TEST DESCRIPTION 

[ . 

REMARKS 


2/6/75 


Y-Axis Tests 

Test setup and system, checkout 



2/7/75 

■ 

Moved wheel no. Ij 0.035" D-A. @ 0.5 Hz, 

Moved fixture opposite wheel no. 1, 0.050" D.A. 

lOjOOO lbs- pk/ actuator 


2/10/75 

. 

Lifted train and setup slide plates with one layer of 
tape. The tape was cut to eliminate cold flow ridges. 
Mo ly disulfide’ lubricant used. 



2/11/75 


Continued system checkout. Moved wheel no. 1 - 0.25" 
D.A. @ 0.5 Hz. 

4j000 lbs“pk/actuator 


2/12/75 


Continued computer closed loop operation. System not 
compatible with low frequency 0.5 Hz requirement. 

Had low freq. and amp. . 
control prob. 

: ■ 

2/13/75 


DC coupled computer and completed setup and closed loop 
operation. 

Conducted sweeps with computer in test control loop. 

Raised freight car load off of wheel slide plate 
assemblies. 

Test discontinued pending instrumentation support. 

2,000 Ibs-pk/actuator 
1-30 Hz. Single actuator 
control 


3/5/75 


Instrumentation setup and 

checkout 

Added DL16 and DL17 


3/6/75 






3/7/75 






3/10/75 


• 




3/11/75 
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TIME 

RATE 

RUN 
NO 0 

TEST DESCRIPTION 

REMARKS 

1245 

3/12 

/75 

1 

Y-Axis Tests 

Sinewave Sweep: 0.5-35 Hz . 

Test Level: 1995 ibs-pk, 6 db/oct below 1,98 Hz 

Actuator Phase: 180° 0 

Normal completion 

1315 ! 

j 

1 

■ 

2 

Sinewave Sweep (SS) : 0,5-35 Hz 

Test Level (TL) : 5010 Ibs-pk, 6 db/oct below 1.98 Hz 

Actuator Phase (AP) : 180° 0 

Normal completion 
aceels. AL3-AL12 in 
cal, position 

1400 

■ 

B 


Repeat Run 2 

Normal completion 


1415 


1450 


1530 


3/13/75 

■I & ■, 

3/14/75 


3/18/75 


Repeat Run 4 


Evaluated slide plate motidn. 
Stiffened actuator fixture. 
Shimmed actuator rod ends. 


SS: - 0, 5-50 Hz 
TL: 5000 Ibs-pk 

AP: 180° 0 


SS; 0,5-50 Hz 
13)1 . 10,000 lbs- pk 
APi 180° 0 


SS: 0,5»35 Hz : 

XL; 10,000 Ibs-pk, 6 db/oct below 1.98 Hz 
AP; 180° 0 


Aborted (?*2l,75 Hz 


Aborted @ 23,27 Hz; 
reduced data on 0- graphs 


Aborted (3 26,15 Hz 


Aborted (3 0.5 Hz 


1545 


SS; 0,5-50 Hz 

XL: 10,000 Ibs-pk, 6 db/oct below 1.98 Hz 

AP; 180° 0 


Aborted (3 2*361 Hz 





























Table 8.5 TEST HISTORICAL LOG 


TIME 

DATE 

RUN ' 
NO, : 

. TEST DESCRIPTION 

REMARKS 

16G0 

3/18/75 

9 

Y-Axis Teats 

SS; 0.5-50 Hz 

TL : 7079.5 Ibs-plc, 6 'db/oct below 1.98 He 

AP; . 180° 0 

Aborted 0 23.75 Hz 

1000 

' ■ 

3/15 

)/75 

10 

Established max. force within, actuator limits, i.e., 2” 
D.A., 8 "/sec, and 14,000 Ibs-pk. 

SS; 0.5-50 Hz 

Tb; 9000 Ih-pk, 12 db/oct below 1.3 Hz 
AP: 180° 0 

Aborted 0 0.704 Hz 

1005 

1 

1 

. 11 ^ 

SS: 0.5-50 Hz 

TL: 9000 Ibs-pk, 12 db/oct below 1.3 Hz, 4495 Ib-pk 

be low 0,919 Hz 
AP: 180° 0 

Aborted 0 1,209 Hz 

1015 

■ 

■ 

12 

Repeat Run 11 with 5 db tol. window. 

Aborted 0 1.328 Hz 

1245 

^ ^ ■ 

• . 

. . 


1 

13 

. 

■ 

SS; 0.5-50 Hz 

TL: 9000 Ib-pk, linear below 1.3 Hz to 6000 Ib-pk {§ 

0.5 Hz 
AP: 180° 0 

Aborted 0 37.95 Hz 

1300 

■ 

1 

1 

14 ; 

SS; 0.5-50 Hz 

TL: 4510.9 Ib-pk, linear roll-off from 1.3 Hz to 

3007.1 Ib-pk @ 0.5 Hz 
AP: 180° 0 

Aborted 0 26.68 Hz; 
attempted to use dither 
on side frames prior to 
this test 

n 

1 

1 

15 

SS: 0.5-50 Hz 

TL: 4510.9 Ib-pk, linear roll-off from 1.3 Hz to 

3007.1 Ib-pk @ 0.5 Hz 
AP: 0° 0 

Aborted 0 25 . 79 Hz 

1335 


L 

; 16 

Repeat Run 13 except AP = 0° 

Aborted 0 0.633 Hz 
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Table 8.5 TEST HISTOiaCAL LOG 




1345 3/19/75 17 

^ ! . 


1400 




950 3; ^5 20 







RIM 

■TEST DESCRIPTION 

REMARKS 

17 

Y-Axis Tests 

Aborted @ 1.254 Hz 

Repeat Run 16 with 6 db tol. window. 

18 

SS: 0.5-50 Hz' 

TL: 6371.5 Ibs-pk, linear roll-off from 1.3 Ha to 

4247,7 Ib-pk @0,5 Hz 
AP: 0° 0 

Aborted @ 32.14 Hz 

19 

SS; 0.5-50 Hz 

TL; 8021.3 Ibs-pk, linear roll-off from 1.3 Hz to 
5347.5 abs-pk @ 0.5 Hz 
AP: OO 0 

Aborted @ 26. 9 Hz 

20 

SS; 0.5-50 Hz 

TL: 8021,3 Ibs-pk, linear roll-off from 1.3 Hz to 

5347.5 Ibs-pk @ 0.5 Hz 
AP;; 0° 0 

Aborted @ 27.39 Hz; 
reduced A P gain by a 
factor of 2 for this 
test and subs; movies 
taken. 

21 

Repeat of Run No. 20; AP = 0° 0 

Aborted @ 27.34 Hz 

22 

Repeat of Run No. 13; AP =180° 0; 9000 lbs 

Aborted @ 2,104 Hz 

23 

SS: 0,5-50 Hz 

TL: 8021.3 Ibs-pk, linear roll-off from 1.3 Hz to 

5347.5 Ibs-pk @ 0.5 Hz 
AP: 180° 0 

Aborted @ 34.93 Hz 

24 

Repeat of Run No, 20; AP =0° 0 

Aborted @ 1.403 Hz 

25 

SS: 0.5-50 Hz 

TL: 6370 lbs- p^, linear roll-off from 1,3 Hz to 

4250 Ibs-pk @ 0.5 Hz 
AP: 0° 0 

Aborted @ 7.844 Hz; abort 
initiated; ran manual 
levels @ 1,3 & 1.8 Hz'@ ' 
lOK lbs & 12K lbs to de- 
monstrate motion 




































Taole S.5 TEST HISTORICAL LOG 



. 

TEST DESCRIPTION 


Y-Axis Tests 





Repeat of Run 20; AP = 0*^ 0; Test 

abort 

initia ted 

20 

Hz 





SS: 

0.5-50 Hz 





TL: 

7140 Ibs-pk, linear roll-off 
4770 Ibs-pk @ 0.5 Hz 

from 

1.3 

Hz 

to 

AP: 

0° 0 






X-Axis Tests 





SS: 

0.5-50 Hz 





TL: 

4510 Ibs-pk, linear roll-off 
3050 Ibs-pk @ 0.5 Hz 

from 

1.2 

Hz 

to 

AP; 

180° 0 





SS: 

0.5-50 Hz 





TL: 

7150 Ibs-pk, linear roll-off 
4760 Ibs-pk {a 0.5 Hz 

from 

1.3 

Hz 

to 

AP; 

180° 0 





SS: 

0.5-50 Hz 





TL: 

6750 Ibs-pk, linear roll-off 
4500 Ibs-pk @ 0.5 Hz 

from 

1.3 

Hz 

to 

AP: 

180° 0 





SS: 

0.5-50 Hz 





TL: 

6360 Ibs-pk, linear roll-off 
4250 Ibs-pk <1 0.5 Hz 

from 

1.3 

Hz 

to 

AP; 

180° 0 





SS: 

0.5-50 Hz 





TL; 

6010 Ibs-pk linear roll-off below 

1.3 

Hz 

to 


4010 Ibs-pk @ 0.5 Hz 





AP: 

180° 0 






REMARKS 


Data not recorded; 
demonstration test 


Aborted (? 22.04 Ha; data 
not recorded; abort ini- 
tiated; demonstration 
test 


ormai compietron 


Aborted 1.606 Hz 


Aborted @ 3.226 Hz 


Aborted 21.59 Hz 


Aborted (? 36.99 Hz; 
FL3 = 272 mvrtns; 

FL4 - 290 ravrms; 
Levels below clip 




































3/28/75 




RUN 

NO, 

TEST DESCRIPTION 

31 

i 

X-Axis Tests 

SS; 0.5-50 Hz 

TL: 4510 Ibs-pk, linear roll-off below 1.3 Hz to 

3010 Ibs-plc (3 0.5 Hz 
AP: 0° 0 

32 

SS: 0.5-50 Hz 

TL: 4020 Ibs-pk, linear roll-off below 1.3 Hz to 

2680 Ibs-pk 0 0.5 Hz 
AP: 0° ^ 

33 

! 

SS: 0.5-50 Hz 

TL: 2540 Ibs-pk, linear roll-off below 1.3 Hz to 

1691 Ibs-pk 0 0.5 Hz 
AP: 0° ^ 

i 

34 

Z-Axis Tests 

SS; 0.5-50 Hz 
XL: 5010 Ib-pk 

35 

Repeat of Run 34 

36 

SS: 0.5-50 Hz 

TL: 5000 Ib-pk, 12 db/oct below 4.2 Hz to 3 Hz, 

2500 Ib-pk below 3 Hz 

37 

SS; 0.5-50 Hz 

TL; 5000 Ib-pk, 12 db/oct below 4.76 Hz to 3 Hz, 

1990 Ib-pk below 3 Hz | 

38 

SS: 0.5-50 Hz 

TL: 5000 Ib-pk, 12 db/oct below 9.49 Hz, ! 

500 Ib-pk below 3 Ife 



Aborted (3 2.088 Hz 


Aborted @ 2.026 Hz 



Aborted (3 0,5 Hz; abort 
initiated 1923 was AC 
coup led 


Aborted <3 1.244 Hz 


Aborted (3 1.411 Hz 


Aborted @ 1.425 Hz 


Aborted @ 0.737 Hz 
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Taole 8.5 TEST HISTORICAL LOG 



TEST DESCRIPTION 


Z-Axis Tests 

Repeat of Run. 38; zeroed force 


Repeat of Run 39; changed force sensitivity to * 
7500 IWV 


SSi 0.5-50 Hz 
TL: 1995 Ib-pk 

Changed force sensitivity to 4000 Ib/V 


Repeat of Run 41 @ 1000 Ib-pk 


Repeat of Run 42, 1000 Ib-pk 


Repeat of Run 43; test not recorded 


SS: 0.5-50 Hz 

TL: 3980 Ibs-pk, linear roll-off from 5 Hz to 

1999 Ibs-pk (a 0.5 Hz 
Changed force sens, to 15,000 Ib/V 


SS: 0.5-50 Hz 

TL: 5010 Ibs-pk, linear roll-off from 5 Hz to 3540 

Ibs-pk @ 0.5 Hz 


: 0.3-50 Hz 

5010 Ibs-pk 


Movies taken for Z and X axis tests. Constant voltage 
input 


Completed data reduction on Run 20 
and Run 46 


Started data reduction on Run 23 


REMARKS 


Aborted 0 4,014 Hz 


Aborted @ 3.864 Hz 


Aborted 0 1.318 Hz 


Aborted Q 0.542 Hz 


Aborted @ 0.986 Hz 


Aborted @ 0.644 Hz 


Aborted 32.26 Hz 


Aborted 0 27.29 Hz 


Aborted 0 27.58 Hz 








































Table 8.5 TEST HISTORICAL LOG 


TIME 

DATE 

RUN 

NOo 

TEST DESCRIPTION 

REMARKS 


4/7/75 


Post- Test 

.Began disassembly of test setup. Completed data 
reduction of Run 23. Started data reduction on Run 6 



4/8/75 


Completed data reduction of Run 6. Started data reduc- 
tion of Run 9. Finished test disassembly- instrumentation 



4/10/75 


Completed data reduction of Run 9, Started data reduc- 
tion of Run 13 



4/11/75 


Completed data reduction on Run 13 

60 Hz fold- over problem 

Started data reduction of Run 14 

- 


4/14/75 


Completed data reduction on Run 14. Started data reduc- 
tion on Run 15 



4/15/75 


Completed data reduction on Run 15. Started data r .c- 
tion on Run 18 



4/16/75 


Completed data reduction on Run 18. Started data reduc- 
tion on Run 19 





Completed data reduction on Run 19. Started 0-graph 
data reduction on 20 and 23 



4/18/75 


Completed 0-graph data reduction on Runs 20 and 23 



5/13/15 


Started unloading coal 



5/22/75. 


Completed unloading coal 
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TABLE 8.6 


TRANSFER FUNCTION- DEFLECTION COORDIIIATES 


Meas . 
No. 

X 

Y 

Z 




DVl 

0. 

-48 3/4 

- 

DV2 

0. 

48 3/4 

- 

DV3 

0. 

-30 3/8 

- 

DV4 

0. 

30 3/8 

- 

DLl 

- 

-30.0 

13 5/8 

DL2 

- 

30 3/8 

13 3/8 

DL3 

12 7/8 

- 

4 5/8 

DL4 

34.0 

- 

13 5/8 

DL5 

-34.0 

- 

13 5/8 

DL6 

34.0 

- 

13 5/8 

DL7 

-34.0 

- 

13 5/8 

DL8 

- 

-32 1/2 

0. 

DL9 

- 

-32 11/16 

0. 

DLIO 

- 

32 1/4 

0. 

DLll 

- 

32 11/16 

0. 

DLl 2 

- 

-41 3/8 

7 1/2 

DLl 3 

- 

41 5/8 

7 3/8 

DL14 

- 

0. 

14 5/8 

DLl 5 

- 

0. 

13 7/8 

DLl 6 

62 3/4 

- 

0.0 

DLl 7 

61 5/8 

- 

3/8 

NOTE: 

FOR (0,0.0) SEE 

FIGURE 7.3 




